The western part of India, specifically the dry region, will play an important role in determining the Indian monsoon and even global climate patterns. Drastically change in land use pattern of the region has been observed during last few decades. In this paper, an effort was made to track the seasonal as well as annual changes of vegetation pattern in Jaisalmer district using MODIS normalized difference vegetation index (NDVI) products. Apart from this, ground data on vegetation were also collected under vegetation carbon pool assessment programme of ISRO-IGBP. It was found that during the hot summer month of May, the area under NDVI class 0-0.1 is reduced from 98% during 2003 to 95% during 2009 with a simultaneous increase in area under NDVI class 0.1-0.2 from 2 to 5%. During the month of September, area under NDVI class 0.2-0.3 increased from almost negligible during May to 34−39% during normal or surplus rainfall year but only to 3% during a deficit year. From the ground data on vegetation biomass, it was found that Prosopis juliflora and Acacia senegal are the most abundant trees in Jaisalmer region of the desert. The sites with NDVI value ≥ 0.2 were mostly found with Prosopis juliflora tree. Among shrubs, the most abundant species was Calotropis procera and Zizyphus numularia. From this study, it has been found that MODIS NDVI products may be used to quickly assess the vegetation changes in response to rainfall as well as due to anthroprogenic interventions in desert.
INTRODUCTION
In India, the land degradation process occurring on the hot arid western plain is very active in the context of climate change as well as anthropogenic disturbance. Mapping of desertification processes as a result of the different land uses in the region reveals that ~76 per cent of the area of western Rajasthan is affected by wind erosion, covering all major land uses, but mostly croplands and dunes/sandy areas, while water erosion has affected ~2 per cent (mostly in croplands and scrublands), salinization ~25 per cent (mostly in croplands), and vegetation degradation by ~3 per cent (especially in scrublands and forests) (Kar et al., 2009) . Drastic changes in the land use pattern in arid western India has also been observed during the last few decades. For example, the area under rainfed cultivation in Jaisalmer district has increased by 332% and net irrigated area has increased from a meager value of only 110 ha to 146246 ha between 1980 and 2006 (CAZRI, 2008 . All these expansion in cultivated area has been mostly at the expense of grasslands, which were mostly dominated by Lasuirus sindicus. Recent effort has been initiated to green the desert through afforestation programmes. It has been reported that vegetation dynamics of an area is closely linked with climatic variations: temperate coastal vegetation is influenced by temperature variation while tropical, subtropical and continental vegetation is best explained by precipitation variations (Los et al., 2001 ). In the Indian Thar desert, rainfall and vegetation cover is highly correlated. During a surplus rainfall year, grasses and annuals fully cover the desert surface. It has also been critically observed that once a good amount of rainfall occurs, there is a high probability of drought in the next year. Few recent literatures suggested that increasing the green vegetation coverage in dry areas of the world may alter the regional climatic pattern. Under such circumstances, it is anticipated that greening the desert areas may weaken the monsoon trough in northwest India and thus may disturb the normal monsoon. For this purpose, we wanted to monitor the intra-annual and interannual vegetation cover changes in the Indian Thar desert and to find its relationship with rainfall.
Vegetation dynamics within a year and between the years reflects the interaction between the terrestrial bioshpere and inter-and intra-annual variations in climates and hydrological regimes (Zhang et al., 2006) . Monitoring vegetation dynamics at regional to global scale through remote sensing has become popular because of synoptic coverage and repeated temporal sampling of satellite observations (Myneni et al., 1997) . Vegetation indices, which provide an indication of the greenness are commonly used to monitor vegetation dynamics (Curan, 1983 , Sellers, 1985 , particularly the normalised difference vegetation index (NDVI) (Tucker and Sellers, 1986 , Zhang et al., 2003 , Sakamoto et al., 2005 , Pettorelli et al., 2005 , Beck et al., 2006 , Bradley et al., 2007 , Studer et al., 2007 . The NDVI is derived from the red: near-infrared reflectance ratio [NDVI = (NIR-R)/(NIR+R), where NIR and R are the amounts of surface reflectance at near-infrared and red radiation]. The NDVI relies on the absorption of red radiation by chlorophyll and other leaf pigments, and the strong scattering of nearinfrared radiation by mesophyll structure of foliage. NDVI value thus ranges from -1 to +1, where negative values corresponds to an absence of vegetation.
Most monitoring of large-scale vegetation activity is based on time-series datasets of NDVI acquired by National Oceanic and Atmospheric Administration (NOAA) Advance Very High Resolution Radiometer (AVHRR) (Goward and Prince, 1995 , Myneni et al., 1997 , White et al., 1997 . Global NDVI data have been collected by AVHRR since 1980. Indeed, AVHRR data was the only source for seasonal and decadal analysis of vegetation dynamics till the start of 21 st Century (Zhou et al., 2001) . Since 2000, Moderate Resolution Imaging Spectroradiometer (MODIS) onboard NASA's Terra and Aqua spacecraft have been providing a new era of global remote sensing data products. In particular, MODIS provides daily reflectance data at spatial resolutions of 250 m, 500 m, and 1 km globally with substantially improved geometric and radiometric properties relative to AVHRR data and are also atmospherically corrected and screened for clouds. Therefore, MODIS data provides an improved basis for monitoring vegetation dynamics.
MATERIALS AND METHOD

Study area
Indian Thar desert is situated between the latitudes of 24°30′ N and the longitudes of 69°30′ N. Within the territory of India the Thar forms a part of the country's sandy hot arid zone, spread over 0.32 million sq. km area. Western Rajasthan alone constitutes (61%), while in the state of Gujarata it covers 20% area and in the state of Punjab and Haryana 9% area (Fig. 1) . In this study, vegetation dynamics in Jaisalmer district was analysed, which is located at the western part of the Indian Thar desert. Figure 1 . Location of study area in the Indian Thar desert and observation points in Jaisalmer district
Data
MODIS data:
The MODIS instrument includes seven spectral bands that are explicitly designed for land surface monitoring (Justice et al., 1997) . In this study, we used 16-day composite NDVI products (MOD13Q1). Fig. 1 . Vegetation biomass related data were collected for trees, shrubs and herbs from each site.
Rainfall data:
Daily rainfall data collected at Jaisalmer and Chandan research station of Central Arid Zone Research Institute located at Jaisalmer district was used in the study. Location of both Jaialmer and Chandann station is depicted in Fig. 1 . 
Methodology
16-day
RESULTS AND DISCUSSION
Rainfall pattern
Annual rainfall pattern of Jaisalmer and Chandan station is presented in Fig. 2 . Average annual rainfall at the Jaisalmer and the Chandan site was 196 and 213 mm, respectively, with less than 10 rainfall events per year, major portion of the annual rainfall occurs during June-September of the year at both Jaisalmer and Chandan. It has been critically observed that annual rainfall variation follows a cycle of 4-5 years. During 2003 During , 2006 During , and 2009 for which NDVI products are analysed in this study, total annual rainfall was 130.7, 385.7, 70 .4 mm at Jaisalmer and 167.7, 291, and 81.8 mm at Chandan, respectively. Year 2003 was considered as normal rainfall, whereas year 2006 and 2009 were considered as surplus and deficit year, respectively. From Fig. 2 , it is found that 2002 was a severe drought year in the region with annual rainfall not greater than 30 mm at both Jaisamer and Chandan station. It is also notable that surplus rainfall during 2006 creates flood in the desert because very high intensity rainfall events occurred at Jaisalmer during the month of August (124 mm, 64.6 mm, 99.8 mm at 6 th , 19 th and 21 st August). (Table 1) . This indicates an increase in permanent vegetation in the form of trees as most of the annual herbs and shrubs mostly remains dry during hot summer months. During the month of September, area under NDVI class 0.2-0.3 increased from almost negligible during May to 34−39% during normal or surplus rainfall year but only to 3% during a deficit year. 
Vegetation type
Vegetation biomass data were collected from 10 forest sites and 4 outside forest sites of Jaisalmer district. To calculate the biomass in tree plantations, circumference at breast height (CBH) and the total height of each tree at each site were recorded (Table 2) .
Overall, it was found that Prosopis juliflora and Acacia senegal are the most abundant trees in Jaisalmer region of the desert. Table 2 . Circumferences at breast height (CBH) and height of trees at Jaisalmer region of the Indian Thar desert
CONCLUSION
From this study, it has been found that MODIS NDVI products may be used to quickly assess the vegetation changes in response to rainfall as well as due to anthroprogenic interventions in desert. It is critically observed that annual rainfall pattern in Jaisalmer follows a natural cycle of 4-5 years. Therefore, once in every five years a severe drought year occurs in desert, and whenever occurs it brings a surplus rainfall year immediately after that. It is hypothesized that during drought years, vegetation coverage over desert remains very less, which is resulted in hot land surface and thus creates the strong monsoon trough during the succeeding year.
